The model takes several compet ing failure mechanisms into account. Examples and case studies are used to provide substance to the model.
Introduction
The viewpoint taken in this paper is that all failures in components working under a fixed set of operating and environmental conditions are due to wearout. This statement uses the word wearout in a broad sense. Wearout Note that we confine the present discussion to situations in which the operating and environmental conditions are constant (or changing in a predetermined cyclic manner), as will typically be the case during a lifetest. The situation changes si gnificantly if the components are in a working system environment where random stresses and overloads may be expected. In such cases it is relatively easy, for ex ample, to argue for a constant hazard rate in the useful life period (see for example Kapur and Lamberson, 1977 
Strength deterioration and the lifetime patterns of flaws
A com ponent will fail whenever the load or stress on the component is greater than its strength (Carter, 1986) . The larger the flaw, the lower will be the strength. Figure I Most fadures in electronic components arise from physical or chemical processes that cause deterioration of the inherent strength of the component. We will for the time being consider just a single flaw type or failure mechanism. To model the strength deterioration it is assumed that the deterioration processes are governed by differential equations involving time (Bosch, 1979; Jensen, et.al., 1989) . In the simple cases this leads to strength deter ioration curves such as shown in Figure 2 .
Consider now the situation shown in Figure 3 . On the strength axis, a mixed distribution of a weak and a strong subpopulation is shown. We assume further that we are dealing with a single value of the load as in a typical lifetest experiment. The lifetime or time to failure density distribution function, g{t), is computed by recognizing that failures occur when the strength has degraded to the value of the load, L. The cross hatched area under the two distribution curves must be the same. The mathematics leading to the derivation of the g{t) curve is then quite straightforward (Jensen et. al., 1989) . 
Lifetime patterns of components
The previous section shows how a failure distribution for a particular flaw type can be derived by modelling the flaw growth or strength deterioration. In this section we introduce some basic statistical theory that will help us understand the more complex situation of several different failure mechanisms present in any particular component.
Consider first Figure 4 . This is a symbolic representation of a component with four different failure mechanisms but there is only one flaw of each type. When a load is applied to the component each flaw will "generate" a specific lifetime that is independent of the other flaws. In effect, k=4 different lifetimes XI' X 2 ' X ) , and X 4 start simulta neously.
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This formula is valid quite generally whether there is only one flaw of each type, or several flaws. However, we need to elaborate a little on the situation (most plausible) where there are several flaws of each type. This is illustrated in Figure 5 . The component lifetime will of course still be the shortest of all possible lifetimes.
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A component with several flaws of each type k= I through 4. The distributions of the lifetimes of the individual failure mechanisms are shown on the right hand side. The component lifetime is X = X IfI .
Consider a single flaw type, i, and its associated failure mechanism. Let there be N i flaws of this particular type. The flaws will be of varying severity, and each separate flaw will develop a specific lifetime X i i' X i 2> ••• , X iNi under the influence of the operating conditions. The cumulative distribution function of these lifetimes is denoted G i (t). Disregarding for the time being the other competing failure mechanisms, the flaw of major concern is the one that leads to the earliest failure. The random variable for the shortest lifetime of failure mechanism i is the random variable X i( J ) with cumulative distribution function FX i (t). This is the distribution of the first order statistic. It may easily be shown (see for example Mann, et.al., 1974 ) that the distribution function for the smallest value of a random sample of size N i is given by N· P( X i 2. (t) = FX i (t) = I -(J -G i (t» I
The above formula for FX i (t) could also be derived in a slightly different manner. Considering a single flaw type, i, it is reasonable to view each flaw as chosen from the flaw lifetime distribution G i (t). In effect we have a number, N i ' of statistically independent competing risks.
The probability of no failures in time t is
as before.
Component lifetime distributions with a single failure mechanism
We will first consider a single flaw type or failure mechanism in a component. The first case study illustrates this situation.
Case study I
In a study of CMOS/SOS arrays, accelerated stress tests have been used to assess device reliability (Dugan, 1 987). Figure 6 shows an illustration adapted from this study. One possible and likely interpretation of this graph is that we are looking at a mixed distribution with 8-9% early failures. This is very high, but can be attributed to the fact that the device was manufactured in what was a developing technology at the time. O
In the "corresponding" example we will assume that the number of flaws, N, in each component is the same. As shown above, the distribution of the first order statistic of the shortest lifetimes in a sample of size N is (3) As an example let the flaw lifetime distribution be described by a two-fold mixed Wei bull distribution with the following parameters p=0.05%, The formula for computing the lifetime pattern at the component level is (2):
It is natural to expect a fairly large variety of failure patterns when different component failure mechanisms mix together. This is only true to a certain extent, however, as there seems to be some commonality in the overall failure patterns that are seen in practice. The general failure distribution for non-screened components is typically described by an early population of freak failures at the one end, and a population of long term wearout failures at the other end. In between, the tails of the different freak failure distributions intermingle with one another, and f'u"iblrals�o-withany��low� �tai1 end ot long-term wearout failures. This "grey" area, often extending over many years or tens of years under normal operating conditions, is traditionally called the useful life period. Overall, the lifetime pattern will resemble the traditional "bathtub"
�, or the "l vllt:T-coClsterH-rurve--inrroduced by Wong and
Lindstrom (Wong and Lindstrom, 1988) . It is often convenient for computational purposes to regard the hazard rate in the useful life period as being constant. This leads to the exponential distribution for the reliability function itself and it is the basis for all predictive techniques such as described e.g. by MIL-HDBK-217 or CNET. It should be recognized, however, that for well designed and well manufactured components operating in a controlled environment, it is quite conceiveable that the hazard rate is actually zero over a period of time.
The following case study and examples illustrate some typical patterns of component failure where more than one failure mechanism is involved.
Case study 2
A series of life testing experiments on integrated circuits in plastic packages is reported by Dodson, 1979 . Table I shows the results from one of these lifetests in a temperature cycling environment between 25 and 125 °C. The failure pattern of the integrated circuit in the case study above can easily be modelled using formula (2) . Figure 12 shows a distinct "roller-coaster" type of behaviour.
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Conclusions
The modelling approach suggested in this paper is a realistic way of looking at the problems of why components fail, and of describing the types of failure pattern that are found in real life. 
